Background: Acute myeloid leukemia is a clonal hematopoietic disorder that may be derived from either a hematopoietic stem cell or a lineage-specific progenitor cell. AML is characterized both by a predominance of immature forms and loss of normal hematopoiesis. p53 is a cell cycle check point control protein that detects DNA damage, controls cell growth, DNA repair and apoptosis. EGFR belongs to a family of receptor tyrosine kinases, it plays an important role in many cancers. Since both markers have a role in cell cycle control, we hypothesized that both p53 and EGFR may have a role in AML.
Introduction
ACUTE Myeloid Leukemia (AML) is a form of malignancy that is characterized by infiltration of the bone marrow, blood, and other tissues by proliferative, clonal, abnormally differentiated cells of the hematopoietic system [1] .
AML pathogenesis includes genetic changes in hematopoietic progenitor cells altering normal mechanisms of proliferation and differentiation, thus resulting in accumulation of myeloid lineage blast cells in the bone marrow [2] .
Blast cells interfere with normal hematopoiesis, contributing to the bone marrow failure, which is the most common underlying cause of mortality [3] .
AML is the second most common type of leukemia affecting adults and is responsible for the largest number of leukemia related deaths [4] .
The tumor suppressor p53 is often described as "guardian of the genome," activating specific transcriptional targets in response to stress, such as DNA damage and oncogenic events [5] .
P53 possesses a range of biological activities that may contribute to its role in tumor suppression, including its ability to trigger various cell cycle checkpoints and apoptosis, so loss of p53 function fuels genomic instability that facilitates tumor evolution [6] .
Tumor cells inactivate p53 function via somatic mutations in its tumor suppressor gene leading to loss or diminution of the activity of wild-type p53, increasing mutant protein and give it new activities that contribute actively to various stages of tumor progression and to increased resistance to anticancer treatments [7] .
Serum Epidermal Growth Factor Receptor & p53 in Patients with AML
The Epidermal Growth Factor Receptor (EGFR) family belongs to type I receptor tyrosine kinases. Over expression or mutation of EGFR gene has been detected in a large number of human tumors [8] .
Driven largely by its role in promoting cell proliferation and opposing apoptosis, the EGFR has been verified as a proto-oncogene [9] .
Aim:
It was to evaluate the diagnostic utility of estimation of p53 and EGFR levels in the serum of patients with AML.
Patients and Methods
The study was conducted on 40 AML cases who were selected from Hemato-Oncology Unit, Internal Medicine Department, Tanta University Hospitals and 20 healthy control cases from June 2016 to January 2018.
Exclusion criteria:
Patients with malignancy other than AML, patients with chronic diseases, pregnant and lactating females and those unwilling to participate.
Both patients and control groups were subjected to the following: Full history taking, clinical examination, routine investigations included CBC, ESR, LDH, liver and renal function tests, bone marrow aspiration, cytochemical study and immunophenotyping. Specific investigations included serum p53 and EGFR levels detected by ELISA kits provided by SunRed diagnostics for in vitro diagnosis.
Statistical presentation and analysis of the present study was conducted using the mean, standard deviation, student t-test, Chi-square by SPSS V20 with p<0.05 means significance.
Results
This study was conducted on 40 AML cases and 20 healthy individuals, both patients and control were cross matched for age and sex. Table (1) shows the age and gender distribution in both AML patients group and control group. There was no significant difference between both groups as regards age and gender.
AML classification of the studied 40 patients was subdivided from M 1 to M7 according to French American British (FAB) classification as shown in Fig. (1) . 4/40 (10%) were AML-M1, 17/40 (42.5%) were AML-M2, 7/40 (17.5%) were AML-M3, 7/40 (17.5%) were AML-M4, 5/40 (12.5%) were AML-M5 and non were either AML-M6 or AML-M7.
P53 and EGFR levels were compared between patients and control groups and found that there was a significant increase in p53 and EGFR levels in AML patients group compared to control group with p=0.001 as shown in (Table 2) .
Correlations between p53 and EGFR levels and age and gender of AML patients group were done as shown in (Table 3 ). This showed that there was no significant correlation between p53 and EGFR levels and age and gender in AML patients.
Correlations between p53 and EGFR levels and laboratory parameters of AML patients group were done as shown in (Table 4 ) and showed that there was a significant negative correlation between p53 levels and Hb levels, while there was a significant positive correlation between p53 levels and PB blasts, BM blasts, LDH and ESR levels in AML patients.
Correlation between p53 and EGFR levels were done as shown in (Table 5 ) and showed significant positive correlation between the 2 markers in AML patient group.
Table (6) and Fig. (2) shows the Receiver Operating Characteristic curve (ROC) for p53 which illustrated the diagnostic sensitivity and specificity of p53 in AML patients and control groups, the best cut off level of p53 in discriminating AML patients from healthy subjects was (160pg/ml), with an Area Under the Curve (AUC) of (0.98) yielding sensitivity of 82%, specificity of 97.5%, Positive Predictive Value (PPV) (94%), Negative Predictive Value (NPV) (91%) and accuracy (92%). (Table 8) .
There was a significant association between p53 and EGFR positive values and poor outcome of AML with p=0.001. 
Discussion
AML is one of the most common hematological malignancies among adults [10] . P53 is a nuclear transcription factor that is considered to be one of the classical type tumor suppressors. Mutant p53 has an oncogenic potential [11] . EGFR signaling pathway regulates fundamental functions in mammalian cells including survival, migration, proliferation and neo-angiogenesis [12] .
This study aimed to evaluate p53 and EGFR levels in AML patients and its association with some clinical and laboratory parameters. In the present work, patients' mean age was 46.65 years. This agreed with Ozek et al., 2004 and Hou et al., 2015 who stated that the mean age of AML is 48 years and 51 years respectively [13, 14] . The present results disagreed with studies of Lazarevic et al., 2014 and Pastore et al., 2014 where the median ages were 71 and 60 years respectively [15, 16] .
Regarding patients' gender, there was a predominance of AML in male patients than in females. This may be due to the protective estrogen effect by inducing apoptosis when acting on its Breceptors on hematopoietic cells [17] . The present results were found to be in agreement with Chauhan et al., 2013 whose studies showed that the incidence of AML was slightly higher among males than females [18] . In contrast, Sahu and Jena 2011 found no statistical significance regarding AML patients' characteristics including gender [19] .
The FAB classification of the studied 40 AML patients showed that the majority of cases were M2 and no patients were M6 or M7. This agreed with Ozek et al., 2004 and Chang et al., 2016 as majority of patients at their studies were also M2 and no patients were M7 [13, 20] . This disagreed with Hasan et al., 2016 who found no significant difference of AML patients as regards FAB classification [21] .
In the present work, there was a significant increase in the serum levels of p53 and EGFR in patients with AML. According to the cut off level of p53 and EGFR, the majority of cases showed high levels of both markers and was assigned as p53 and EGFR positive group, while only 5 patients showed low levels of both markers and were assigned as p53 and EGFR negative group. On the other hand, p53 and EGFR levels were low in all individuals of control group compared to patients group. This was in agreement with Sahu and Jena 2011 who stated that 91 % patients with AML were p53 immunopositive using immunocytochemistry [19] . Furthermore, the results of Park et al., 2000 showed that the over expression of p53 protein was found in 38% of patients with AML [22] .
The present results were also found to be in agreement with the studies of Verhaak et al., 2009 and De Jonge et al., 2010 that detected increased levels of EGFR in AML patients [23, 24] . Sun et al., 2012, in contrast, stated that EGFR protein levels, as assessed by immuno-chemistry and mRNA levels of EGFR, have been found to be doubtfully low in AML blasts [8] .
As regard age and gender, there was no significant difference between p53 and EGFR levels. This was in agreement with Hasan et al., 2016 who stated that there was no significant association between variable levels of p53 and EGFR, and age and gender of AML patients [25] . That disagreed with Duarte et al., 2014 who found a significant difference between p53 expression in both males and females [26] .
There was a significant negative correlation between high levels of p53 and EGFR expression and Hb, while a significant positive correlation between their levels and LDH, ESR, BM blasts and PB blasts was found. There was no statistical significant correlation between other laboratory data and p53 and EGFR levels including: TLC and platelet count. This is in agreement with Abdel-Aziz MM., 2013 whose studies revealed that p53 and EGFR expression in AML patients was significantly correlated to Hb levels [27] . On the other hand, Hasan et al., 2016 found no significant correlation between Hb levels and EGFR [25] . The present results regarding the correlation between LDH and blast percentage with p53 and EGFR levels were found to be in agreement with Nageswara et al., 2012 who stated that AML patients with p53 polymorphism and high levels of EGFR had elevated levels of LDH and blast percentage [28] . Also Xiong et al., 2009 reported that AML patients in their study with p53 immunopositivity had a higher percentage of blast cells [29] . Hasan et al., 2016 and Sahu and Jena, 2011, on the other hand, found no significant correlation between blast cells percentage and EGFR and p53 expression [19, 25] .
In the current study, significant positive correlation between p53 and EGFR levels was found. This is in agreement with Abdel-Aziz MM. 2013 who stated the same finding [27] .
Follow-up of patients' group for 18 months revealed that all 5 negative patients 5/5 (100%) showed good response to therapy and achieved complete remission, and non had developed relapse during the follow-up period and they were all found to be M3, while among the 35 positive patients only 9 patients 9/35 (25.7%) achieved complete remission and the remaining 26 patients 26/35 (74.3%) showed poor outcome including treatment resistance, relapse or death.
There was a statistically significant difference between p53 and EGFR positive and negative groups of patients indicating that high p53 and EGFR levels are most probably associated with poor outcome in AML patients. This was in agreement with Meyer and Levine 2014 and Paschka et al., 2015 who stated that mutated Tp53 gene and higher p53 levels in AML was associated with bad prognosis [30, 31] . Also Jun-Zhong et al., 2011's studies showed that EGFR positive AML patients had poorer prognosis, they also stated that M3 FAB subtype had the best prognosis [32] . Deangelo et al., 2014, on the other hand, stated that EGFR had no effect on AML patients' outcome [32] . Also Sahu and Jena 2011 stated that a comparison of the p53-positive versus negative subgroup as regard outcome failed to reach statistical significance [19] .
Conclusion:
In this study we could conclude that estimation of both p53 and EGFR levels could be useful as diagnostic and prognostic biomarkers in AML patients either alone or in combination with other biomarkers.
